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C l i n o p t i L o l i t e , m o r d e n i t e , h e u l a n d i t e and l a u m o n t i t e have been i d e n t i f i e d i n p o s s i b l e economic concentratione on the Alaska Peninsula.
Most i m p o r t a n t are:
11 a h e u l a n d i t e b e a r i n g w a t e r -l a i d t u f f on Agate I s l a n d , 21 e t h i c k eequence o f t e r r e s t r i a l v o l c a n l c s c o n t a i n i n g m o r d e n i t e a n d c l i n o p t i l o t i t e L o c a t e d b e t w e e n S q u i r r a l P o i n t and Tommy Creek, 31 w a t a r -l a i d t u f f s c o n t a i n i n g h i g h c o n c e n t r a t i o n s o f c l i n o p t i l o l i t e near Dennis Creek and 41 a h e u l a n d i t e b e e r i n g s i l t s t o n e a t C h i n i t n a Bay. Z e o l i t e f o r m a t i o n i n t h e ILlamne Lake area was producad i n "open" systems o f Trash water Lakes and ground w r t e r systema which have transformed v i t r i e volcanic m a t e r i a l i n t o z e o l i t e s . B u r i a 1 d i a g e n e s i a i s r e s p o n s i b l e f o r a l t e r a t i o n o f e a r l y formed, l o w t e m p e r a t u r e -p r e e s u r e z a o l i t e s i n t o h i g h temperaturr-pressure v a r i e t i e s ,
The f o r m a t i o n o f Laumontite i n a tuffaceous sandstone a t C h i n i t n a Bay was t h a r e s u l t o f l o w g r a d e b u r l a l metamorphism. The mode o f f o r m a t i o n o f h e u l a n d i t e i n a w e l d e d t u f f and st l t s t o n e u n i t , a l s o Located a t C h i n i t n a Bey, appears t o have r e s u l t e d from diagenesis a l t e r at l o n o f t e r r e e t r i a l s e d i mente.
Transportation o f z e o l i t e o r e from ILiamna Lake would be by Lake t o P i Le Bay V i l l a g e t h e n by road t o ILIemne Say and, f i n a l l y , by s h i p t o t h e coneumer. I n the C h i n i t n a Bay area o r e can be Loaded d i r e c t l y onto s h i p s f o r t r a n s p o r t a t i o n t o the consumer. T a b l e 2 R e s u l t s o f T e s t s on Samples C o l l e c t e d i n C h i n i t n a Bay i n 1 9 7 4 . . . . . . . . . . 22 
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The r e a l i z a t i o n , i n the 19501s, t h a t n a t u r a l l y o c c u r r i n g t e o l i t a s c o u l d be of carnmerciaL u t i L i t y t r i g g e r e d a r e a c t i o n i n t h e i n d u a t r i a l and academic worlds.
The new i n t a r e a t r e s u l t e d i n a f l o o d o f p u b l i c a t i o n s dealing w i t h numerous aspects o f the z e o l i t a f a m i l y , incLuding new and e x t e n s i v e d e p o s i t s , m i n e r a l o g y , modes o f f o r m a t i o n , c h e m i c a l r e e c t i v i t i e a , h i s t o r y end uses.
T h i s c l o s e i n s p a c t i o n revealed f u r t h a r i n d u s t r i a l a p p l i c a t i o n s a f z e o l i tea.
As a r e s u l t o f growing commercial u t i l i z a t i o n , mineahla z e o l i t e dapasits have been daveloped i n s e v e r a l c o u n t r i e s i n c l u d i n g the conterminaua U n i t e d States. A number o f d i f f a r e n t t a o l i t e occurrencoa had been reported i n Alaska by various author4 t i e s s i n c e t h e 1960's (f i gure 31. However, the p o s s i b i l i t y o f economic z e o l i t e depoaite i n Alaska h e l d l i t t l e i n t e r e s t u n t i l 1972, when increased i n d u s t r i a l use, i n c l u d l n g c r a c k i n g c a t a l y s t s i n t h e petroleum i n d u s t r y , b i n d e r s f o r mixed f e r t i l i z e r s and c o n d l t i o n e r s f o r a g r i c u l t u r a l s o i l s t i m u l a t e d a program t o l o c a t e z e o l i t e deposits o f commercial value.
The r e s u l t o f t h i s research revealed e x t e n s i v e l y r s o l i t l zed beda o f T e r t i a r y volcanic t u f f and sedi ments on t h e Northern Alaska Peninaula near I l i a a n a Lake [Madonna, 19731 . A L i s t o f 39 o t h e r p o t e n t i e l z e o l i t e L o c a l i t i e e is shown i n Table 4 [See Appendix f o r Tab l e a l . I t i s t h e purpose o f t h i s p r o j e c t t o i n v e s t i g a t e t h e mars i m p o r t a n t z e o l i t i z e d u n i t s r e p o r t e d i n t h e I liamna Area and Locate o t h e r p o t e n t i a 1 ly economic depasi ts.
Examination o f aech deposit includes t h e size, s e m i q u a n t i t a t i v e concentration and type o f z e o l i t e present. I n a d d i t i o n , each deposit i s b r i e f l y discusead i n terms o f i t a poasi b l e econ0mi.c importance.
Z e o l i t e s were f i r s t described i n 1755 by Baron Cronstedt.
He derived the name from t h e Oroek w , meaning t o b o i 1, and w, meaning stone, because o f the apparent b a i l i n g which t o o k p l a c e as he heated t h o minerals. Subsequent i n v e s t i g a t i o n s ravealad t h a t z e o l i t e s a r e a group o f t e c t o e l l i c a t e a whlch may be considered, chemically, as hydrated equivelsnta o f the f e l d e p a r s .
L i ke t h e f e l d s p a r s , t h e z e o l i t e framework i s c o m p o~a d o f t h r e e d i m e n a i a n h l [ S i 4 A1104 tetrahedra. C a v i t i a a w i t h i n t h e framework are the s i t e s o f cations, generally Ca , Na o r K , which balance t h e negative charge o f the structure. Hnwever, u n l i k e t h e f e l d s p a r s which have compact s t r u c t u r e s p r o h i b i t i n g removal o f a c a t i o n w i t h o u t d i s r u p t i n g the s t r u c t u r e , the z e o l i t a f r a m e w o r k c o n t a i n s w i d e i n t e r c o n n e c t i n g o p e n i n g s w h i c h p e r m i t easy r e m o v a l o f t h e poai t i vo i one.
An a d d i t i o n a l c h a r a c t e r i s t i c which d i f f e r e n t i a t e s z e o l i t e s Prom feldspars i s t h e preeanca of water molecules w i t h i n the c a v i t i e s o f t h a z e o l i t e structurm. T h i s water may be removed by h e a t i n g and, u n l i k e most hydrated m i n e r a l s which c o l l a p s e d u r i n g the dehydration process, the e l u m i n o s i l i c a t e s t r u c t u r e s of z a o l l t a a remain s t a b l e t o q u i t e h i g h temperatures.
I n t h e L a t e 1920'a i t was d i s~o v e r s d t h a t t h e d e h y d r a t e d r m o l i t e f r a m e w o r k , w i t h i t s honeycomb a f passageways, i s eapeble o f absorbing large quanEiEies o f o t h e r f l u i d s and game i n p l a c e o f t h e w a t e r removed.
A l s o , because each member o f t h e z e o l i t e f a m i l y has a u n i q u e a p a r t u r e eiza, the malecules admitted are r e s t r i c t e d t o thome o f appropriata d i maneiona.
T h i s a e l e e t i ve n a t u r e o f t h e z e o l i t a s t r u c t u r e s make them extremely u s e f u l as i n d u s t r i a l molecular sieves, Knowledge o f the g e o l o g i c a l s i g n i f i c a n c a o f z e o l i t e s was olow i n developing i n comparison t o advances i n understanding t h e i r chemical p r o p e r t i e s . Becauae molecu l a r s i e v e p r o p e r t i e s make z e o l i tea h i g h l y usefu 1 f o r indust P i a 1 purposes and because economic deposits n e r a unknown, c h e m i s t s i n t h e l a t e 1930's bagan a program t o produce s y n t h e t i c z e o l i t e s .
By t h e e a r l y 1950'8, s e v e r a l a r t i f i c i a l z e o l i t e a were produced whlch have become extremely u s e f u l as indurt r i a l m o l a c u~a r ajever [Breck, 39641.
About t h i s aama t i m e (1950's) g e o l o g i s t s began t o r e a l i z e t h e s i g n i f i c a n c e o f z e o l i t e s formsd i n volcanic t u f f beda deposited i n marine and s a l i n e -a l k a l i n e laka environments [Hay, 19661. When s e v e r a l high-grade depoai t a were discovered, the n a t u r a l z e o l i fes were examined t o determine i f they might be competi t i ve w i t h s y n t h e t i c molecular sieves.
Results revealed t h a t sedimentary z e o l i t e e have PrOPeftfe8 very s i m i l a r t o those of a r t i f i c i a l z e o l i tes, and n a t u r a l z e o l i t e $ showed g r e a t p o t e n t i a l f o r i n d u s t r i a l a p p l i c a t i o n .
When the p o t e n t i a l economic value o f n a t u r a l z e o l i t e s became apparent, i n d u s t r y began an exploration program i n t h e c o n t i n e n t a l U n i t e d States which Lad t o t h e i d a n t i f i c a t i o n o f over 80 mineable deposits.
ZNWmIAL UTILIZATION
A t t h e same t i m e t h a t t h e U n i t e d S t a t e s began i t s program t o uncover new z e o l i t e deposits, o t h e r c o u n t r i e s such es t h e Soviet Union, Bulgaria, New Zealand, Hungary, A u s t r a l i a , Germany and Japan began t o develop t h e i r dapoaits. As new h i g h grade deposits were discovered, techno-L o g i c a l advances surrounding the commercial u t i l i r a t i o n o f n a t u r a l l y o c c u r r i n g z e o l i t e s a l s o f l o u r i s h e d .
I n a r e c e n t s t u d y o f w o r l d w i d e d e p o s i t s and u t i l i z a t i o n , o f n a t u r a l l y o c c u r r i n g z e o l i t e a by F r e d e r i c k A. Mumpton (19731 i t was found t h a t over 300,000 tons o f z e o l i t i z e d t u f f s a r e m i n e d and u s e d a n n u a l l y .
N o t a b l e among t h e p r o d u c i n g d e p o a i t s a r e t h e Japanese mines, mhtch a r e responsible f o r almost t h i r t y percent o f t h e world's annual production. Several uses described by Mumpton [I9731 a r e summarized below. Japanese researchers have developed numerous i n d u s t r i a l uses f o r n a t u r a l z e o l i t e s .
The sodium-potassium z e o l i t e , c l i n o p t i l o l i t e , has f o u n d a p p l i c a t i o n a s a f i l l e r i n t h e Japanese paper industry. The paper f i l l e d w i t h c l i n o p t i l o l i t e i s b u l k i e r , more opaque, e a s i e r t o c u t and g i v e s Less i n k b l o t t i n g than s i m i l a r c l a y f i Lled papers.
C l i n o p t i l o l i t e i s a l s o b e i n g u s e d i n Japan a s an a g g l u t i n a t i o n a g e n t f o r m i x e d f e r t il i z e r s . Japaneae researchers have found c l i n o p t i l o l i t e and mordent t e e s p e c i a l l y u s e f u l as a n i me1 n u t r i e n t s . As much as 10% by weight o f these z e o i i t e s have been added t o t h a d i e t o f p i g s and chickens, w i t h s i g n i f i c a n t increases i n a d u l t weight and r e d u c t i o n o f t o t a l cost o f feed. N a t u r a l l y o c c u r r i n g m o r d e n i t a has r e c e n t l y f o u n d use i n t h e s e p e r a t i o n o f h i g h p u r ' i t y oxygen from a i r .
The oxygen, produced a t Toyohashi C i t y , i s used i n t h e s m e l t i n g o f p t g i r o n f o r t h e p r o d u c t i o n o f T o y o t a a u t o m o b i l e s .
The Toyohashi C i t y p l a n t a l s o p r o d u c e s 99% pl'ua n i t r o g e n by use o f n a t u r a l mordenite. C L i n o p t i l o li t e has r e c e n t l y proven u s e f u l i n removing ammonium from sewage and e g r i c u lt u r a l e f f l u e n t s .
I n a r e c e n t t e s t on a Lake Tahor, C a L i f o r n i a sewage stream, ~L i n o p t i l o l i t e was s u c c e s s f u l i n removing 97% of t h e ammonium. The ammanium was then discharged i n t o t h e a i r and t h e c l i n o p t i l o l i t e regenerated f o r f u t h e r use. f e o l i t i z e d t u f f e have, f o r many y e a r s , f o u n d use i n p o z z o l a n l c cement and c o n c r e t e . P o z z o l a n f c c o n c r e t e a p p e a r s t o b e as s t r o n g as o r s t r o n g e r t h a n t h a t p r o d u c e d w i t h n o r m a l amounta of p o r t l a n d cement.
F u r t h e r m o r e , h y d r a u l i c cement produced from z e o l i t e poztolens appears t o be more r e s i s t a n t t o underwater corrosion.
N a t u r a l l y o c c u r r i n g , c L i n o p t i l o l f t e has found a d d i t i o n a l use as an agent f n i o n exchange processes which concentrate and i s o l e t e r a d i o a c t i v e i o n s from waste waters generated by atomic i n s t a l l a t i o n s . Once t h e c l i n o p t i l o l i t e i s s a t u r a t e d w i t h t h e r a d i o a c t i v e i o n s i t can be s t o r e d o r claaned w i t h chemicals and raused.
I n e d d f t i o n t o t h e uses described above, z e o l i t e s have found numerous o t h e r applications.
Hungary has used r e f i n e d n a t u r a l mordenite as a c r a c k i n g c a t a l y s t i n the petroleum i n d u s t r y and Japan has developed a use f o r n a t u r a l z e o l i t e s as a p o l i s h i n g agent f o r d e n t i f r i c e .
A L i a t o f s e l e c t e d references from chemical a b s t r a c t s on t h e use and p r o p a r t i a s o f n a t u r a l z e o l i t e s has been aasemb l e d and presented by Hawkins [19731.
Z E a~ GENESIS
The occurrence o f z e o l i t e s i n s e v e r a l types o f geologic s e t t i n g s 16 reasonably w e l l known. I n the p a s t twenty years a l a r g e number o f p u b l i c a t i o n 8 have appeared d e a l i n g w i t h the condit i o n s and environments o f formation.
Baaed upon 1. Deposits which formed from volcanic m e t e r i a l i n t'closed" system o f ancient and present-day s a l i n e l a k e s . [Example: z e o l i t e a t u f f a o f a n c i e n t Lake Tecopa, Shoshone, C a l i f o r n i a ; Sheppard and Gude, 19681. 2. Deposlts which formed from volcanic m a t e r i a l i n "open" systems freshwater lakes o r groundwater systems. [Example: A l t a r e d t u f f s o f t h e John Day formation, c e n t r a l Oregon; Hay, 19631.
3.
Deposits which formed Prom v o l c a n i c m e t e r i a l i n n e a r s h o r e p r deep-sea marine environments.
[Example:
M a s s i v e , c l i n o p t i L o l i t e -r i c h t u f f n e a r K u r d z a l i , B u l g a r i a ; A l e x i e v ,
19681.

Deposits formed by lor-grade b u r i a l metamorphism o f v o l c a n i c and o t h e r m a t a r i e l tn t h i c k sedimentary sequences. [Example: T r i a s s i c greywackes o f t h e T u r i n g a t u r a D i s t r i c t , South-
Land, New Zealand; Coombs, 19541.
Oepoeits formed by hydrothermal o r hot-springs a c t i v i t y .
[Example: A l t e r e d bedded t u f f s and sandstones a t Wairakei, North I s l a n d , New Zeeland; S t e i n e r , 19531.
8.
Deposits formed i n L a c u s t r i n e o r marine environments w i t h o u t d i r e c t evidence o f volcanic p r e c u r s o r m a t a r i e l . [Example: Analcime t o n e s o f t h e T r i a s s i c L o c k a t o n g F o r m a t i o n , New
Jersey; Van Houten, 19601.
Workere have found t h e z e o l i t e s f o r m a t i o n i s favored by f l u i d a o f h i g h pH and h i g h a l k a l fi o n t o hydrogen-ion r a t i o s i n c o n t a c t w i t h r a a c t i va s i l i c a t a m a t e r i a l such as v i t r t c -v o l c a n i c ash and t u f f . O e f f e y e s (19591 s u g g e s t s t h a t z e o l i t e s f o r m i n s e d i m e n t a r y t u f f d e p o e i t s by s o l u t i o n of volcanic g l a s s f o l l o w e d by p r e c i p i t a t i o n o f t h e z e o l i t e from the solution. Shepp a r d [I9711 suggests t h a t h i g h pH c o n d i t i o n s account f o r t h e s o l u b i l i t y o f the glass and t h a t r e a c t i v i t y o f a l k a l i i o n s i s responsible f o r p r e c i p i t a t i o n o f t h e z e o l i t e s .
Throughout t h e world, t h e t h i c k e s t and most widespread z e o l i t e depoei t s are o f T r i a s s i c and younger ages. T h e i r absence from o l d e r rocks i s apparently due t o the f o r m a t i o n o f a u t h ig r n i e a l b i t e and p o t a r h f e l d a p a r a t t h e expense o f the metastable z e o l i t e s [Hay, 19681.
Because z e o l i t n s a r e hydrous m i n e r a l phases o f Low s p e c i f i c g r a v i t y they arm p a r t i c u l a r l y s e n s i t i v e t o prassurm and temperature changes.
T h i s gives r i s e t o t h e v e r t i c a l z e o l i t e zonat i o n found i n t h i c k sequences o f tuffacaous sediments.
Zonation proceeds from t h e most hydrous and Least denea z e a l i t a s a t t h a t o p [i.e. lowest pressure-temperature c o n d i t i o n s 1 t o the Leest hydroue and most dense zeo li tea a t the bottom [i .a. h i g h e s t -pressure tamperature condi t i o n s l . W i t h i n c r s e s i n g pressure end temperature t h e z e o l i t e s become unstable and ere u l t i m a t e l y t r a nsformed t o m i n e r a l s such as t h e faldspara, which a r e s t a b l a under these conditions. T h i s s u g g e s t s , i n a g e n e r a l way, t h a t t h r e e e o n d i t i o n a must be met b e f o r e e x t e n s i v e z e o l i t i z e t i o n i s possible:
11
Presence o f rmaetive p a r e n t m e t a r i a l , e.g. v i t r i c t~f f a .
21
Presence o f t'activell f l u i d s , e.g. marine, saline-lake, o r hydrothermal f l u i d a . Figure 71 . 
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Passage o f a g e o L o g i c a l L y s h o r t t i m e spen such t h a t p r e v i o u s l y f o r m e d m e t a s t a b l e z e o l i t e s have n o t been a l t e r e d t o more s t a b l e phases. These c o n d i t i o n s ere diagrammatically shown i n t h e Venn diagram o f F i g u r e 1. The most probable l o c a l i t i e s f o r z e o l i t e f o r m a t i o n and p r e s e r v a t i o n a r e those f o r which a l l t h r e e c o n d i t i o n s are simultaneously s a t i s f i e d . There are a number o f L o c a l i t i e s i n Alaska t h a t meet these condit i o n s and have t h e p o t e n t i a l o f h a s t i n g z e o l i t e deposits [
THIS SNW S e a r c h a t r a t e a v : The s e a r c h f o r z e o l i t e s i n t h e I l i a m r r a a r e e was r e s t r i c t e d t o t h o s e L i t h o l o g i c u n i t s which meet t h e t h r e e b a s i c c o n d i t i o n s f o r z e o l i t e f o r m a t i o n and
F i s t -s i z e d samples, e x h i b i t i n g c h a r a c t e r i s t i c s t y p i c a l o f z e o l i t i z e d rocks, ware s e l e c t e d from p r o m i s i n g L i t h o l o g i e s exposed i n t h e a r e a s v i s i t e d .
A d e s c r i p t i o n o f each s a m p l e i s presented i n f a b l e 1.
Samples were examined by heavy-liquid separation, x-ray d l f f r a e t i o n , t h e r m a l a n e l y s i s and q u a n t i t a t i v e f i e l d t e s t .
Results are t a b u l a t e d i n Table 1 .
m d SepBrati~:
Because o f t h e i r Low s p e c i f i c g r a v i t y , g e n e r a l l y between 2. 0 and 2.4, t h e members o f t h e z e o l i t e family may be separated from h e a v i e r m i n a r a l a by heavy-liquids. T h i s procedure was conductad on t h e study samples t o determine s e m i q u a n t i t a t i v e l y t h e z e o l i t e concentrations.
Selected samples were ground and stevad and t h e -150 t o +325 mesh f r a c t i o n was wefghed end then separated i n t o L i g h t and heavy components by bromoform, which had been reduced t o 2.4 s p e c i f i c g r a v i t y by a d d t t i o n of acetone. The L i g h t f r a c t i o n was weighed and t h e approximate percentage o f L i g h t m a t e r i a l [Lesa than ap. gr. 2.41 i n each sample calculated.
X-rav D i f f r a c t i o n : L i g h t f r a c t i o n s o f h e a v y -l i q u i d s e p a r a t e s ware P l n e l y powdered and t h e n mixed w i t h water and mounted on a glass s l i d e . The eamplea were analyzed w i t h a Norelco d i f f r a c t o m e t e r u s i n g a copper X-ray tube w i t h a n i c k e l f i l t a r and a gonlometer scan apeed of two degrees per minute.
X-ray p a t t e r n s o f t h e samples were compernd t o a s e t o f standard z e o l i t e p a t t e r n s and the A. S. T. M. c a r d c a t a l o g t o determine t h e p o s s i b l e presence and t y p e o f z e o l i t a s .
Thermal Analvsis:
The z e o l i t e s , heulandi t e and c l i n o p t i L o l i t e g i v e v i r t u e l l y the same Xr a y p e t t e r n .
Mumpton [19601, I n t r o d u c e d e t e s t t o d i s t i n g u i s h t h e t w o m i n e r a l a : " I f a f t e r h e a t i n g o v e r n i g h t a t 45iI0c, t h e m i n e r a l no Longer d i f f r a c t s X-rays, i t should be c a l l e d heuland i t e ; i f however, d i f f r a c t i o n i s maintained i t should be c a l l e d c l i n o p t i l o l i ta".
T h i s procrdure wsa employed on s e v e r a l sampler t o determine which o f the two z e o l i t e s ware present. O u a n t i t a t i v e f i e l d m: C u l f a~, K e i s l i n g and Send (19731 suggest a s i m p l e q u a n t i t a t i v e f i e l d t e s t f o r molecular sieve z e o l i t e s , as surnrnarirad below: F l v e grema o f f i n e l y ground sample [below 10 mesh1 I s placed i n an aluminum c o n t a i n e r and h e a t e d t o 3 5 0 '~. The sample c o n t a i n e r I s t h e n capped and a l l o w e d t o c o o l t o atmospheric t e m p e r a t u r e . Ten m i l l i l i t e r s o f w a t e r , a l s o a t a t m o s p h e r i c t e m p e r a t u r e , e r e addad t o t h e sample and a t i r r e d q u i c k l y w i t h a t h e r m o m e t e r . The t e m p e r a t u r e r i s e s r a p i d l y , r e a c h i n g a maximum w i t h i n 30 seconds.
A h i g h temperature r i s e upon t h e a d d i t l a n o f water i s c h a r a c t e r i a - A p r e l i m i n a r y examination, i n 1963, o f the C h i n i t n a Formation, sxposed a t C h i n i t n e Bay, r e v e a l e d t h e p r e s e n c e o f z e o l i t e s . A more t h o r o u g h e x a m i n a t i o n o f t h e a r e a was u n d e r t a k e n d u r i n g t h e 1 9 7 4 f i a l d season. F i g u r e 2 shows t h e a r e a s axaminad and t h e l o c a t i o n o f sample p o i n t s .
I VlTRlC
Oi_l @ J J r e i n a a~ and I liamna Bav-Pi La Bav Vi C l a m Road: L i t h o l o g i c u n i t s exposed i n these areas c o n s i s t mostly o f p l u t o n i c igneous rocks unfavorable f o r z e o l i t i z a t i o n . Sample number 2, c o l l e c t e d i n t h e mountains east o f I l i a m n a Bay, i s a q u a r t z monzonite which c o n t a i n s noncommer c i a 1 f r a c t u r e f i l l i n g s of thompaonite and chabazite. No o t h e r u n i t s conducive t o z e o l i t i t a t f o n were observed.
NewhaLen -I L f a m n q m: L i t h o l o g i c u n i t s exposed along t h e shore o f I l i a m n e Lake betneen Newhalen and I l i a m n e [ F i g u r e 21 c o n e i s t o f green, b r o w n and gray a n d e s i t i c and t u f f a c e o u s m a t e r i a l o f T e r t i a r y age. The outcrops e r e low Lying, reaching a maximum o f twenty f e e t above Lake Level near Iliamna. E x a m i n a t i o n o f s e l e c t e d samplea r e v e a l a d t h e presence o f s e v e r a l z e o l i t i z e d beds. The most I m p o r t a n t a r e green h e u l a n d i t a bearing t u f f s [samples 5 & 61. The h i g h percentage o f Low s p e c i f i c g r a v i t y m a t e r i a l (99%1 combined w i t h t h e r a t h e r Large temperature increase [12.0OCl produced by t h e f i e l d t e s t suggeats t h a t u n i t 5 contains a h i g h c o n c a n t r a t i o n o f heulandite. S l m i l a r l y , u n i t 6 has a h i g h percentage o f LOW s p e c i f i c g r a v i t y m a t e r i a l , however, t h e temperat u r e r i s e produced by the f i e l d t e s t was r e l a t i v e l y Low [~'cI.
The topographic ~h a r a c t e r i s t l c s of t h e t w o u n i t s , w f t h r e l a t i o n t o t h a Lake Level, a r a somewhat d i s s i m i l a r . The w a t e r -l a i d t u f f o f u n i t 5 r i s e s only a few f e e t above Lake l e v e l , then gives way t o a marshy environment t o the north.
I n c o n t r a s t , the a n d a a i t i c t u f f s o f u n i t 6 r i s e approximately twenty f e e t above t h e lake Level. However, t h i s u n i t a l s o gives way, g r a d u a l l y , t o a marshy environmant.
The Low c o m p a r a t i v e r e l i e f o f u n i t 5 and t h e marsh boundary w h i c h s u r r o u n d s b o t h u n i t s w i 11 probably p r o h i b i t p r o f i t a b l e u t i l i t a t i o n o f these deposits.
Bev-Chekok PoinL:
Examination o f f e l s i c t u f f s , r h y o l i t e and reworked volcanic8 on t h e l a k e s h o r e n o r t h o f Agate I s l a n d , e x t e n d i n g f r o m E a g l e Bay t o Chekok P o i n t [ F i g u r e 21
revealed s e v e r a l beds c o n t a i n i n g Low t o moderate z e o l i t e concentrations. O f t h e u n i t s examinad o n l y number 25 shok economic p o t e n t i a l .
The u n i t c o n s i s t s o f a bed o f m o r d a n i t e b e a r i n g r e r a r k e d v o L c s n i c s w h i c h r i s e s t h i r t y f e e t above Lake l a v a 1 and a x t e n d s a p p r o x i m a t e l y one h u n d r e d f e e t a l o n g t h e Lake shore. Because o f e x c e s s i v e o v e r g r o w t h i t was n o t p o s s i b l e t o d e t e r m i n e t h e f u l l e x t e n t o f t h e d e p o s i t .
T e s t s r e v e a l e d 99 p e r c e n t Low s p e c i f i c g r a v i t y m a t e r i a l i n the sample and a modefate r i s e i n temperature.
T h i s suggasts t h a t the deposit may
be a p o s s i b l a source of mordenite.
EaaLeA E a a l e Bav and Aaate island^: Samples o f T e r t i a r y f e l s i c t u f f s , a n d e s i t e and reworked v o l c a n i c s were c o l l e c t e d from Eagle, Eagle Bay and Agate I s l a n d s Located approximately t h r e e m i l e a southeast o f I l i a m n a [ Figure 21 . X-ray examination o f these samples revealed t h a t a l l b u t one were z e o l i t i z e d .
However, s p e c i f i c g r a v i t y s e p a r a t i o n s and t h e r e s u l t s o f t h e f i e l d t e s t suggest t h a t o n l y t h e h e u l a n d i t e bearing t u f f [#211 which extends approximately one hundred and f i f t y yards ecross t h e n o r t h e a s t e r n end o f Agate I s l a n d [ Figure 31 i s o f p o s s i b l e economic value. The u n i t i s a gray t o green t u f f which forms c l i f f s r i s i n g between f i f t e e n and twenty f e e t above shore line. The a r e a l e x t e n t i s shown i n F i g u r e 3. The extremely h i g h percentage o f low s p e c i f i c g r a v i t y m a t e r i a l (98%) and m o d e r a t e t e m p e r a t u r e i n c r e a s e [~O C ] combined w i t h t h e respectable a r e a l extent, suggests t h a t t h i s m a t e r i a l should n o t be overlooked as r p o s s i b l e source of heulandite.
SauirrwL Point-Tommr p o i n t : The p r e l i m i n a r y i n v e s t i g e t i o n i n 1972 o f T e r t i a r y andesites, t u f f s and t u f f a c e o u s aedlments on t h e south shore and adjacent h i 11s o f I l i a m n a Lake, bezween Squi r r e l P o i n t and Tommy Creek, r e v e a l e d s e v e r a l h i g h l y z e o l i t i z e d u n i t s . A more t h o r o u g h i n v s e t i g a t i o n o f t h e area d u r i n g t h i s study revealed extensi ve beds c o n t a i n i n g h i g h concentrat i o n s o f c l i n o p t i l o l i t e , mordenite and h e u l a n d i t e i n a d d i t i o n t o two
Laumontite bearing volc a n i c~. F i g u r e 4 shows a number o f t h e more i m p o r t a n t araas axamined end the outcrop p a t t e r n s o f t h e more e x t e n s i v e l y z e o l i t i z e d u n i t s .
Several t u f f s c o n t a i n abundant mordenite i n t h e S q u i r r e l P o i n t area. The highest concent r a t i o n s a r e f o u n d i n s a m p l e s 44 and 56 [ F i g u r e 21. U n f o r t u n a t e l y , t h e u n i t r e p r e s e n t e d by sample 44 i s a t h i n i n t e r l a y e r a d bed o f Local e x t e n t which would p r o h i b i t p r o f i t a b l e u t i l i z at i o n .
The u n i t r e p r e s e n t e d by sampLe 5 6 , on t h e o t h e r hand, i s e green, f i n e -g r a i n e d , a l t e r e d t u f f b e d t w e n t y f e a t h i g h and one h u n d r e d and f i f t y f e e t Long. The r e s p e c t a b l e r e s u l t s o f t e s t s shown i n T a b l e 1 and t h e m o d e r a t e a r e e l e x t e n t i n d i c a t e t h a t t h i s d e p o s i t may be of economic i n t e r e s t as e f u t u r e source o f mordenite.
O t h e r m o r d e n i t e b e a r i n g t u f f s o u t c r o p o n t h e Lake s h o r e a t sample p o i n t s 110 and 1 1 2 ( F i g u r e 21. Figure 41 . The sediments very from f i n e g r a i n e d t u f f a c e o u s s i L t s t o n e t o r e w o r k e d vo l c a n i c s and rough, bouldery, tuffaceous conglomerates.
S i m i l a r i t y i n p h y s i c a l and m i n e r e l o g i c a l c h a r a c t e r i s t i c s suggest t h a t these two outcrop8 were o r i g i n a l l y members o f t h e same t u f f bad. Both o u t c r o p l a r e L i g h t green i n c o l o r and c o n t a i n s p h e r i c a l s t r u c t u r e s suggesting aggi t a t i o n i n an aqueous e n v i ronment. Tests show t h a t b o t h u n i t s c o n t a i n h i g h percentages o f mordenite [Table 11. I n a d d i t i o n , s t r i k e and d i p measurements suggest t h a t these beds are on t h e east and west Limbs o f a g e n t l y f o l d e d a n t ic l i n e . T h i s i s f u r t h e r c o n f i r m e d by a n t i c l i n a l l y f o l d e d T e r t i a r y sediments exposed on the Lake shore between t h e two mordenite b e a r i n g u n i t e [samples 103-109, F i g u r e 21. The mordenite u n i t s a r e approximately f i f t e e n f e e t t h i c k and both are exposed f o r approximately one hundred f e e t a l o n g t h e l a k e shore. The h i g h z e o l i t e c o n c e n t r a t i o n s u g g e s t e d by t e a t s [ T a b l a 11 and t h e a i z a a b l e a r e e l e x t e n t i n d i c a t e t h a t t h e s e u n i t s may be among t h e more i m p o r t a n t m o r d e n i t e d e p o s i t s i n t h e Xliamne area. Z e o l i t i z e d T e r t i a r y sediments [sample 98-101 and 103-1091 are exposed along t h e Lake shore end approximately one-half m i Le up a a m a l l t r i b u t a r y [
As I n d i c a t e d e a r l i e r the sediments are exposed i n a g e n t l y folded, north-south trendi n g a n t i c l i n e . 
Aa T a b l e 1 shows, most o f t h e s e d i m e n t a r y beds a r e z e o l i t i z e d . The most i m p o r t a n t a r e c l i n o p t i l o l i t e b e a r i n g tuffaceous sandstones and reworked volcanics [samples 98, 99 and 1001 expoaed i n t h e s m a l l d r a i n a g e t r e n d i n g s o u t h e a s t f r o m t h e Lake [ F i g u r e 41. The combined t h i c k n e s e o f t h e t h r e e beds i s approximately s i x t y feet. Extensive f o l i a g e prevented measurement o f t h e Length and w i d t h of t h e beds
The mountains above end adjacent t o the T e r t i a r y sediments c o n s i s t o f approximately f o u r h u n d r e d f e e t o f m o r d e n i t e b e a r i n g v o l~a n i~s . These v o l c a n i c s c o n s i s t o f green, w e l d e d and v i t r i c t u f f s which extend approximately one m i l e i n a n o r t h e a s t e r l y d i r e c t i o n and e x h i b i t a w i d t h a v e r a g i n g one-half m i La [ s e e F i g u r e 41. T e s t a a n s e l e c t e d samples, b o t h i n 1972 and
Figure 3. Zeolitized U n i t s in the Agate Island Area. Table  11 .
d u r i n g t h i s i n v e s t i g a t i o n , i n d i c a t e h i g h percentages o f mordenite i n a l l b u t one case [
I n the exception, c l i n o p t i l o l i t e [#931 r a t h e r than mordenite was detected. From s t u d i e s of p y r o c l a s t i c rocks i n Japan, Utada (19711 found t h a t the occurrence o f these two z e o l i t e s i n the same rocks i s n o t uncommon.
The l a r g e a r e a l extent, extreme thickness and h i g h percentage o f z e o l i t e s i n t h i s volcanic sequence suggest t h a t i t has a h i g h economical p o t e n t i a l , and should be considered as a f u t u r e source o f mordeni t e and p o s s i b l y c l i n o p t i l o l l ta.
A l i g h t grey, h e u l a n d i t e b e a r i n g t u f f [#941 outcrops i n a drainage above and t o the n o r t h o f t h e m o r d e n i t e b e a r i n g v o l c a n i c s . The t u f f b e d i s t h i r t y f e e t h i g h and a p p r o x i m a t e l y one hundred f e e t long. E x a m i n a t i o n o f t h e m a t e r i a l i n d i c a t e s t h a t i t i s o n l y m o d e r a t e l y z e o l itized.
However, i f t h e Lower v o l c a n i c u n i t should be mined, t h i s bed mey become a convenient source o f heulandite.
To t h e south two f e l s i e k e l d e d t u f f s a r e axpased.
One on Tommy Creek (8851 and t h e o t h e r on a n e a r b y t r i b u t a r y [#961. Sample 95 c o n t a i n s m i n o r L a u m o n t i t e and 96 m i n o r h e u l a n d i t e . N e i t h e r o f these appear t o have economic p o t e n t i a l . I n t r i c a t a w: I n t r i c a t e Bay i s composed o f numerous Low Lying i s l a n d s and micro-bays. Table 1 shows t h a t most o f the samples o f t u f f s e l e c t e d from t h i s area are z e o l i t i z e d .
Heuland i t e , c l i n o p t i l o l i t e and mordenite were i d e n t i f i e d by X-ray d i f f r a c t i o n . A d d i t i o n a l t e s t s as shown i n Table 1 i n d i c a t e t h a t sample 85 contains s i g n i f i c a n t amounts o f c l i n o p t i l o l i t e and 87
and 89 c o n t a i n abundant mordenite.
However, t h e t u f f beds are Low Lying, r i a i n g a t the most t e n f e e t above lake Level.
.This i s probably t h e main f a c t o r which would p r o h i b i t p r o f i t a b l e u t i l i z a t i o n o f t h i s m a t e r i a l . On t h e o t h e r hand, t h i s was o n l y a p r e l i m i n a r y i n v e s t i g a t i o n o f I n t r i c a t e Bay. P o s s i b l y , a more t h o r o u g h e x a m i n a t i o n o f h i 11s and r i s e s v i s i b l e a s h o r t distance from t h e Lakashore would r e v e a l more extensive z e o l i t e deposits.
Mountain-Oennb Grew&: Outcrops o f w h i t a and L i g h t green t u f f s exposed on the Lakes h o r e n e a r Dennis Creek and B i g M o u n t a i n c o n t a i n n o t a b l e q u a n t i t i e s o f c l i n o p t i l o l f t e and h e u l a n d i t e . The d i s t r i b u t i o n o f t h e more i m p o r t a n t z e o l i t i z e d u n i t s a r e shown i n F i g u r e 5. Because o f t h e dense f o l i a g e i n t h e arsa i t was n o t p o a s i b l e t o o b t a i n t h e a r e a l dimensions o f t h e deposi t8.
Samples 61 t h r o u g h 78 were a e l e o t e d f r o m a s i x t y f o o t o u t c r o p o f g r a d e d f e l s i c t u f f exposed a l o n g t h e Lakeahore. E x a m i n a t i o n o f t h e samples r e v e a l e d h e u l a n d i t e i n o n l y m i n o r I amounts.
The d e p o s i t does n o t appear t o be o f economic value.
Examinetion o f s e v e r a l L i t h o l o g i c u n i t e I n t h e Oennis Creek drainage revealed a graan and p i n k welded tuff [#I201 which c o n t a i n s a moderate amount o f heulandite. The u n i t i s s i x t y f e e t h i g h and approximately f i f t y f e e t Long. The Local e x t e n t o f t h e t u f f combined w i t h i t s distance from t h e Lake [Figure 51 would p r o h i b i t p r o f i t a b l e use o f t h e d e p o~i t . 1
Results o f t e s t s on sample numbers 60 and 115 r e v e a l t h e t t h i s m a t e r i a l i s among the most h i g h l y z e o l i t i zed t u f f s examined from t h e I Liamnr area.
X-ray d l f f r a c t i o n scans suggest t h a t
I ~L i n o p t i l o l i t e i s t h e predominant mineral. Heavy l i q u i d separations and t h e f i e l d t e s t b o t h c o n f i r m t h e h i g h c o n c e n t r a t i o n o f c l i n o p t i L o l i t e .
The t u f f from which sample 60 was s e l e c t e d i s a p p r o x i m a t e l y t w e n t y f e e t h i g h and e x t e n d s f o r one hundred f e e t a l o n g t h e Lake shore. S i m i l a r l y , t h e t u f f bed Tram w h i c h s a m p l e 115 was s e l e c t e d i s f i f t a e n f e e t h i g h and e x t e n d s appraximately one hundred f e e t along the Lake shore.
U n f o r t u n a t e l y , t h e f o l i a g e obscures t h e w i d t h o f these deposits and prevents a more thorough evaluation.
However, because o f t h e h i g h c o n c e n t r a t i o n o f z e o l i t e s i n these samples they should n o t be overlooked as a p o s s i b l e source I I C h i n i t n a Bav: Examination o f t h e C h i n i t n a Formation exposed on t h e west s i d e o f C h i n i t n a Bay, d u r i n g t h e 1873 f i e l d season, r e v e a l e d t h e p r e s e n c e o f l a u m o n t i t e i n a f o u r f o o t t h i c k medium gray sandstone bed.
X-ray examinetjon Suggested a h i g h percentage o f Laumontite accompanied by minor quartz. I n a d d i t i o n t o t h e L a u m o n t i t e b e a r i n g u n i t , z e o l i t e s were d e t e c t e d b y 0.8. Hawkins i n a eemple o f welded t u f f c o l l e c t e d by J. K i e n l e from t h e Kenai Formation exposed on t h e n o r t h e r n shore of Chini t n a Bay [persona 1 communication, 19731.
I n 1973 t i m e d i d n o t p e r m i t a t h o r o u g h e x a m i n a t i o n o f t h e C h i n i t n a
Bay a r e a , however a more thorough examination of the area was c a r r i a d o u t i n 1974. D e t t e r m a n and H a r t s o c k [ I 9 6 6 1 have p r e s e n t e
Those examined d u r i n g the 1974 f i e l d season i n c l u d e t h e Lower J u r e s s i c Telkeetna Formation, the Late J u r a s s i c C h i n i t n a and Naknek Formations and t h e T e r t i a r y Kenai Formation.
The Talkeetna Formation c o n s i s t s o f 5,900 t o 9,000 f e e t of bedded v o l c a n i c rocks, which grade from interbedde.d t u f f and tuffaceous sandstone i n the upper u n i t s t o massive agglomera h a , volcanic b r e c c i a and Lava f l o w s near the lower e x t r e m i t i e a .
S e v e r a l samples, w h i c h e x h i b i t c h
a r a c t e r i s t i c s f a v o r a b l e f o r z e o l i t e f o r m a t i o n , were s e l e c t e d f r o m t h e Upper Horn M o u n t a i n T u f f Member, w h i c h i s we1 1 exposed on H o r n Mountain.
Reaulta o f t e s t s show t h a t each sample contains Laumontite, b u t i n such low concentrations aa t o p r o h i b i t p r o f i t a b l e i n d u s t r i a l u t i l i z a t i o n a f the material.
The C h i n i t n e and Naknek F o r m a t i o n s c o n s i s t c o l l e c t i v e l y o f from 3,500 t o 7,800 f e e t o f cong l o n e r a t e a , s a n d s t o n e s and s i l t s t o n e s .
S e v e r a l aamplee were s e l e c t e d from outcrops near Clam Cove on t h e n o r t h shore o f C h t n i t n e Bay and Sea O t t e r P o i n t on t h e south shore [ Figure 21 . X-ray and t h e r m a l examinations i n d i c a t e t h a t most o f t h e samplea c o n t a i n e i t h e r Laumontita o r heulandite.
However, t h e f i e l d t e s t s suggest t h a t concentratlons are below economic p r a p o r t i o n s [ T a b l e 21.
The Kenai F o r m a t i o n i s composed o f a p p r o x i m a t e l y 1,000 f e e t o f T e r t i a r y conglomerates, sandstones and s i l t s t o n e s . An e a s i l y accessible axpoaure occurs on t h e seashore one and oneh a l f m i l e a east o f Clem Cove. The outcrop i s c h a r a c t e r i z e d by a t w e n t y faat t h i c k brown s i l tstone bed p o s i t i o n e d unconformeb l y between two r e l a t i ve l y coerae conglomerate beds.
An addit i o n a l c h a r a c t e r i s t i c i s t h e presence o f s e v e r a l w e l l preserved t r e e s which span t h e t h i c k n e s s of t h e s i l t s t o n e bed but do n o t extend i n t o t h e conglomerate units.
L o c a l l y exposed near t h e base o f t h e s i l t a t o n e i a a t h i n L e n t i c u l a r bed o f carbonaceous ash atone ranging up t o two f e e t i n t h i c k n e s s . The u n i t i s exposed f o r a p p r o x i m a t e l y 100 y a r d s on t h e s h o r e l i n e b u t i s conc e a l e d f r o m v i e w i n l a n d by f o l i a g e . However, I t i s s u s p e c t e d t o have a c o m p a r a t i v e l y l a r g e L a t e r a l e x t e n t .
Examination o f both t h e ash atone and t h e a i l t s t o n e revealed t h e presence o f heulendite. Most sample8 c o n t a i n between 90 and 100 percent Low s p e c i f i c g r a v i t y m a t e r j a l and a moderate t o h i g h t e m p e r a t u r e change. T h i s , combined w i t h i t s respectable thickness and suspected Large l a t e r a l e x t e n t , suggests t h a t the deposit may be o f economic value.
GENSIS OF THE DEPOSITS
T u f f s , t u f faceoue sedi menta and o t h e r va lcanica, conducive t o z e o l i t e formation, exposed r l o n g t h e s h o r e l i n e , on t h e i s l a n d s , and i n t h e m o u n t a i n s a d j a c e n t t o I l i a m n a Lake, a r e aasigned t o the T e r t i a r y P e r i o d IDettarmen and Reed, 19681 . The f o r m a t i o n o f z e o l i t e s i n these T e r t i a r y r a c k s i s i n h e r e n t i n t h e o v a r a l l d e p o s i t i o n a l and t e c t o n i c h i s t o r y o f t h e A l a s k a Peninsula d u r i n g t h a t time.
The cloae o f the Cretaceous was g e n t l e aa i n d i c a t e d by t h e s l i g h t disconformable c o n t a c t w i t h o v e r l y i n g T e r t i a r y rocke.
The T e r t i a r y t e c t o n i c h i s t o r y was n o t one o f extansive orogenic a c t i v i t y ; the Alaska Peninaula dSd n o t become an orogenic mountain s y s t e m u n t i l t h e L a t e P l i o c e n e . P r i o r t o t h i s t i m e i t was b a s i c a l l y en a r e a o f d e p o s i t i o n which d e r i v e d i t s topographic r e l i e f f r o m b r i e f v e r t i c a l movements a s s o c i a t e d w i t h igneoua i n t r o n i o n s , and o b t a i n i n g i t s s t r a t i g r a p h i c t h i c k n e s s from massive accumulatian o f valcanic debris.
The volcanic d e b r i s was weathered, abraded, t r a n s p o r t e d and deposited i n b o t h marine and non-marine envi ronments [Burke, 19851. I n t h e I l i a m n a b k a area Oetterman and Reed (19681 r e p o r t the preaence o f t h i c k sequences o f T e r t i a r y , non-marine, volcanic s i l t s t o n e s , sandstones and conglomerates I n t e r l a y e r e d w i t h v o l c e n i c f l o w s and t u f f s .
Examples o f t h e s e w a t e r -l a i d t u f f s and r e w o r k e d v o l c a n l c s a r e exposed i n numerous outcrops on the Lakeshore and are i n t e r layered w i t h T e r t i a r y , non-merine sediments exposed on t h e south shore.
T e r t i a r y v i t r i c t u f f s axposed i n t h e mountains adjacent t o t h e l a k e ' s s o u t h e r n shore, however, do n o t e x h i b i t any o f t h e c h a r a c t e r i s t i c s t y p i c a l o f w a t e r -l a i d t u f f s , and t h e i r h i g h e l e v a t i o n suggest d e p o s i t i o n i n a t e r r e s t r i a l environment.
The z e o l i t e deposits a t I l i a m n e Lake were formed by t h e a l t e r a t i o n o f volcanic m a t e r i a l . X-ray examinations revealed the presence o f c l i n o p t i l o li t e , mordeni t e , heu l a n d i t e and m i n o r Laumonti te.
Fina 1 l y , t h e volcanic m a t e r i a 1 was deposi t a d i n t e r r e s t r i a l and non-marine aqueoua environments. These t h r e e Parameters, mode o f occurrence, mineralogy and d e p o s i t i o n a l envi ronment suggest t h a t t h e I l i a m n a z e o l i t e s were produced from v o l c a n i c m a t e r i a l i n "open" aystems o f f r e s h water Lakes and ground water systems [type 2 page 61 which t r a n s f o r m volcanic c i t r i c m e t e r i a 1 i n t o t e o l i t e rninarals.
These deposits a r e c h e r a c t a r i z e d by the presence o f c l i n o p t i -L o l i t e and mordenite, and t h e absenca o f "closed" system z e o l i t a s such as e r i o n i t e and chabar i t e . Subeequent b u r i a l o f e a r l y formed low temperature-pressure c l i n o p t i l o l i t e and rnordeni t a appears t o have been responsible f o r a l t e r a t i o n i n t o h i g h e r temperature-prassure forms.
The sequence o f f o r m a t i o n found i n p i l e a o f volcanic m a t e r i a l i n o t h e r p a r t s o f the w o r l d are, from low t o h i g h pressure end temperature: A1 fresh glass, 81 c l i n o p t i l o l i t e -m o r d a n i t e , C1 analcime heulandi t e and Dl Laumonti te.
Assemblagee representing thesa f o u r zones have been detected i n the I l i a m n a area. I n a d d i t i o n , sample number twelve c o n t a i n s b o t h h e u l a n d i t e and Laumonti te, which would be t y p i c a l o f the assemblage representing the isograd between t h e two s t a b i l i t y f i e l d s .
This suggests t h a t b u r i a l diagenesis has been responsible f o r t h e f o r m a t i o n o f h i g h temperetura-pressure zeo li t s s a t t h e expense o f t h e Lower temperatura-pressure v a r i e t i e s .
The l a u m a n t i t e and h e u l a n d i t e b e a r i n g u n i t s i n t h e C h i n i t n a Bay area f i t the type 4 mode of z e o l i t e f o r m a t i o n presentad by Mumpton (19731; f o r m a t i o n by Low-grade b u r i e d metamorphism o f t h i c k sedimentary sequences i n which Laumontite i s produced a t t h e expense o f LOW density, more hydroua z e o l i t e s such as heulandite, as w e l l as o t h e r s i l i c e t e minerals.
The r u g g e d t o p o g r a p h y and d i s t a n c e [ I 8 0 m i l e s 1 f r o m Anchorage hes made a i r t h e o n l y p r a c t i c a l means of t r e n e p o r t i n q passengers, f r e i g h t and mai 1 t o I l i a m n a Leke.
F l i g h t s from Anchorage t o I l i a m n e are scheduled t h r e e t i m e s a week. The a i r c r a f t stops a t I l i a m n a and B i g Mountain, than r e t u r n s t o Anchorage. A i r and water t r a n s p o r t a t t o n i s a v a i l a b l e i n I l i a m n a f o r paseengers and s u p p l i e s t r a v e l i n g t o o t h e r p o i n t s on t h e Lake.
A L i m i t e d amount o f f r e i g h t i s t r a n s p o r t e d by w a t e r f r o m Anchorage and/or Homer, t o I l i a m n a Bay, on t h e coast, and f i n a l l y d r i v e n t o P i l e Bay V i l l a g e on I l i a m n e Lake by way o f a , 1 4 m i Le g r a v e l r o a d [ F i g u r e 21. The r o a d i s m a i n t a i n e d betwe,en May and O c t o b e r each y e a r by t h e Alaska S t a t e Highway Department, f o r portage o f f i s h i n g boats from Cook I n l e t t o f l i a m n a Leke where they proceed by water t o B r i s t a l Bay.
A s t e e l b r f d g e has been constructed across ILlamna fli ver, which i s i n t e r s e c t e d by t h e thoroughfare.
Petroleum products are avei l a b l a a t b o t h t e r m i n a l s and heavy equipment and boat r e p a i r i s a v a i l a b l e a t P i l a Bay Village.
T r a n s p o r t i n g o r e from ILiamna Lake c o u l d be achieved by loading t h e o r e i n t o p o r t a b l e dump beds and c a r r y i n g them, by b a r g e , up t h e Lake t o P i Le Bay V i l l a g e I t i s d o u b t f u l t h a t s h i p p i n g problama would be encountered i n t r a n s p o r t i n g t h e o r e from the minm t o P i l e Bay V i l l a g e , o r across t h e road which i s capable o f handling s e v e r a l hundred t o n s o f o r e p e r day.
Howaver, loading problems may r e s u l t from t i d e s which Leave I l i e m n a Bay dry f o r s e v e r a l hours each day. Z e o l i t a d e p o s i t s of p o s s i b l e economic importance e x i s t i n t h e ILiamna Lake area. Most i m p o r t a n t are: 11 a h e u l a n d i t e bearing. w a t e r -l a i d t u f f an Agate I s l a n d , 21 a t h i c k asquenca o f t a r r e a t r i e l v o l c a n i c s c o n t a i n i n g mordanite and c l i n o p t i l o l i t e Located between S q u i r r e l P o i n t and Tommy Creek, 31 w a t e r l a i d t u f f s c o n t a i n i n g extremely h i g h c o n c e n t r a t i o n s o f c l i n o p t i L o l i t e near Dennis Creek, and 41 a h e u l a n d i t e b e a r i n g s i l t s t o n e a t C h i n i t n a Bay.
The deposits i n t h e ILiamna Lake area were formed i n an "open11 system o f f r e s h watar Lakes and ground water which transform volcanic v i t r i c m a t e r i a l i n t o z e o l i t e s .
B u r i a l diaganesis Was responsible f o r a l t e r i n g e a r l y formed Low-pressure, Low-temperature z e o l i t e s i n t o more s t a b l e high-pressure high-temperature members.
The f o r m a t i o n o f L a u r n o n t i t e and h e u l a n d i t e a t C h i n i t n a Bay was t h e r e s u l t o f Low g r a d e b u r i a l metamorphism i n t h i c k sedimentary sequences.
T r a n s p o r t i n g ore from ILiamna Lake can be achieved by b a r g i n g t h e m a t e r i a l up t h e Lake t o P i l e Bay V i l l a g e , t r u c k i n g i t t h e 14 m i l e distance t o ILiamna Bay and then s h i p p i n g i t t o t h e consumer.
A t C h i n i t n a Bay t h e m a t e r i a l would be Loaded d i r e c t l y onta ships. Table 1 Results C a v i t y f i l l i n g [ a n d e a i t e l W.R.
APPENDIX
Andeai t e T u f f Reworked valcantcs
Reworked vo l c a n i cs
Reworked v o l c a n i c s
Reworked vo l c a n i c s
Andesi t e Andeai t a
Andeai t e
Renarked vo l c r n i cs
Reworked volcanics
Laumonti t e
Thompsoni t e Chabazi t e Water R i c h Heu l a n d i t e Heu l a n d i t e Heu l a n d i t e
CLinopti l o l i t e -Laumontl t e
Laumonti t e -Heu l a n d i t e Heu l a n d i t e -LBumont 4 t e Heu landi t e
Haulandi t e Heu l a n d i t e Heu l a n d i t e -Mordeni t a - Heu l a n d i t e Hsu l a n d i t e Heu land1 t e Heu l a n d i t e Ma r d e n i t e Table 2 Results o f Tests on Samples C o l l e c t e d a t C h i n i t n a Bay i n 1974.
Sarnp l a Rock Number Type % Less than 
Andasite
Heu landi t e Heu l a n d i t e Heu l a n d i t e Heu l a n d i t e Heu l e n d i tr Heu l a n d i t e Heu l a n d i t e
Laumonti t e L.aumonti t e
Laumonti t e Heu l a n d i t e
Laumonti t e Hau l a n d i t e h u m o n t i t e
Laumonti t e Laumont f t e Table 3 ZEOLTTE OCCURRENCES REPORTED I N ALASKA MAP NO.
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